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ABSTRACT 

Cognitive Radio (CR) has been introduced and developed for 

wireless networks. CR is playing an important role in wireless 

spectrum and with the help of CR, senders can choose the best 

spectrum for communication. Spectrum Sharing is one of the 

components of CR architecture which is responsible for 

distributing the spectrum among users according to their 

needs. In addition, it is one of the key challenges to improve 

the wireless network performance. How to access the 

spectrum is an important issue in spectrum sharing. Primary 

Users (PUs) and Secondary Users (SUs) access the spectrum 

bands based on the overlay and underlay spectrum sharing 

techniques but SUs are limited in both overlay and underlay. 

After analyzing the existing mechanisms in this paper, we 

provide a new mechanism to improve SUs accessing the 

spectrum. Our mechanism works based on SUs' location and 

the distance between sender and receiver. The proposed 

mechanism in this paper shows that SUs can own the 

spectrum permanently without any interferences with PUs. 

Also, there is no need for SUs to change or leave the spectrum 

when PUs return. The proposed method is very useful and 

efficient due to increasing the performance of CR in different 

wireless networks. Our proposed method can be considered as 

a step towards the development of IoT and support the future 

devices in terms of spectrum access. Our proposed 

mechanism requires no additional hardware, therefore, its 

implementation is costless and simple. 
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1. INTRODUCTION 
Joseph Mitola introduced Cognitive Radio (CR) for the first 

time in 1999. He worked on presenting smart radios that have 

abilities like collecting information from environment, 

planning and deciding independently [1, 2, 3]. Simon Haykin 

expressed a smarter definition that CR is a wireless 

communication system capable of being aware of 

environment and be able to learn and adopt [4]. Generally, CR 

is a reliable communication (every time and everywhere) and 

effective spectrum utilization. CR concepts, based on 

mentioned definitions, are abilities to recognize, self-

awareness, intelligence, learn, adopt, reliability and 

efficiency. 

Cognitive Radio technology can be recognized as one of the 

most used technologies in the Internet of Things (IoT) [5-9] 

and integration of this technology with future architecture and 

services to support IoT is expected. Combining these 

technologies namely CRIoT can improve both efficiency and 

reliability in wireless networks. Cognitive Radio capabilities 

such as spectrum sensing, spectrum sharing, dynamic learning 

form environment and self-adeptness allow us to have more 

efficient communication. It should be noted that the 

traditional spectrum sharing techniques in wireless networks 

do not respond to the IoT anymore due to the increasing 

number of devices. Thus CR will overcome this problem with 

spectrum sharing capability as well as developing and 

supporting it for future objects to have no problem with 

spectrum access [10]. 

CR technology addresses the existing problems in wireless 

networks which are limited by spectrum bands (e.g. using the 

frequency band and improper spectrum usage issues) [11]. 

The base concept of this technology is to detect a free channel 

for better usage. The number of channels depends on some 

conditions that will be considered in the following sections. 

There are two kind of users in CR: Primary or licensed User 

(PU) and Secondary or unlicensed User (SU). PUs are users 

that have more priority or legal rights to use spectrum band 

and on the other hand, SUs are users that have no permission 

to use spectrum or have less priority than PUs. PUs also must 

use the spectrum without any interference with PUs. 

Several methods have been proposed to determine the 

distance between nodes such as: Received Signal Strength 

(RSS), Time of Arrival (ToA), Time Differential of Arrival 

(TDoA) and Angle of Arrival (AoA) [12-16]. Each of them 

has its pros and cons. In RSS method we need Received 

Signal Strength Indicator (RSSI) in receiver in order to 

measure the received signal. Another problem of this method 

is signal path loss, because this method is based on signal 

strength and environment also affects signal thus it provides 

incorrect and unknown results. TDoA is obtained by 

differential received phases or time differential measurement 

which presents good accuracy as well as no need to have 

calibration with the target node but a tight synchronization 

among all anchors is required. The AoA calculates the input 

signal angle with the help of TDoA which is mostly used to 

obtain the geolocation of the nodes (e.g. cell phone). This 

method has low accuracy and requires costly hardware while 

the ToA obtains the location based on the arrival time of the 

signal to the receiver. ToA has high accuracy but the problem 

is that it requires calibration with the target node. In this 

paper, we use ToA to obtain the location of nodes. We prove 

that this method is more efficient than other methods and 

improves the performance of wireless network in positioning 

between nodes. The rest of this paper is organized as follows: 
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section 2 analyses the different methods in spectrum sharing 

and node positioning, a background about spectrum sharing in 

cognitive radio will be presented in section 3, we describe and 

prove our proposed mechanism along with obtaining the 

distance between nodes in order to use the spectrum in hybrid 

mode in section 4, and finally, we conclude the results of this 

paper in section 5. 

2. RELATED WORKS 
Cognitive radio techniques are used for reducing alleviative 

inefficient spectrum. Spectrum sharing based on access 

techniques in CR are classified into two types of Overlay and 

Underlay [17-27] which will be discussed in next section. 

Channel access technique for SUs depends on the usage of 

PUs. Both SU and PU can use the spectrum in cooperative 

way if SU causes no interference with PU [18]. 

The SUs in underlay technique can adjust their transmission 

speed to access the channel in an aggressive way because in 

overlay technique (when the channel is free), SUs access to 

the channel in an opportunistic way. So overlay technique is 

more practical than underlay technique since the overlay does 

not need to be aware of the user presence or knowing the 

channel interference rate. There are many studies on cognitive 

radio networks that use hybrid methods and queuing theory 

[28-30]. Authors in [31] applied queuing theory in order to 

increase efficiency and maximizing transmission rate for SU 

in the hybrid networks. In this method the channel capacity is 

measured and the transmission speed of SU is determined in a 

way that prevents interference with PU. Therefore, it 

guarantees the QoS of PUs. Presented protocols in [29,30] 

treat SUs in the same approach and analyze them based on 

queuing theory. In hybrid systems, SU is able to change the 

access technique to underlay thus the spectrum usage 

increases for SU. The SU is allowed to send packages to the 

destination even in the presence of PUs in channel. The 

transmission power of secondary transmitter must be adjusted 

below the interference threshold in underlay mode so this 

method is useful for SU when the distance between SU and 

PU is short. But long distance decreases the transmission 

power and causes performance destruction for PU so it will 

not be an efficient method. 

Hybrid techniques presented for the first time in Ad Hoc 

Network, namely Hybrid Cognitive Radio Ad Hoc Network 

(H-CRAHN) [32]. The transmission power of a node in 

HCRAHN is varies and it is based on the distance between the 

SU and its neighboring PU. In addition, the connection in the 

H-CRAHN networks depends on the number of active PUs 

[33]. 

Authors in [34] changed the SU access mode in dynamic way 

to increase their use of spectrum. In this method the SU 

transmission mode depends on PUs activity. SUs adjust their 

transmission power to a specific switching rate when PU 

activity is detected. Authors in [34] presented ways to 

optimize the switching rate for balancing the SU spectrum 

access. 

The access strategy with the ability of energy harvesting is 

presented in [35]. SU is equipped with a rechargeable battery 

and uses both overlay and underlay techniques to increase the 

maximum power. This method focuses on the energy 

harvesting from the environmental resources or PU channel. 

SUs use a common relay and compete together based on 

transmission power through relay [36]. Each node in cognitive 

radio network must adopt and change the sending and 

receiving parameters based on the environment conditions. 

The connection between nodes in CR becomes possible by 

using the intermediate nodes called relay when there is no 

direct communication between them. Selecting a better relay 

from many nodes is difficult in limited time and has a direct 

impact on network throughput. In addition, it is impossible to 

check all nodes to select the best one. We discuss about 

spectrum sharing techniques in next section. 

3. SPECTRUM SHARING 

BACKGROUND 
The distribution of spectrum among all CR users based on 

their usage is spectrum sharing. Accessing the channel in a 

way to prevent from PU destruction are spectrum sharing 

responsibilities. Sharing techniques can be categorized in 4 

groups: based on utilization of spectrum, based on network 

architecture, based on allocation behavior and based on access 

technology. This paper focuses on spectrum sharing based on 

access technology which will be discussed in detail in the 

following. 

In general, Spectrum Sharing based on access technology is 

divided into two categories: Overlay access technique and 

Underlay access technique. 

In Overlay access technique, a specific part of spectrum is 

available for the PU and it is allowed to use it with no limits. 

On the other hand, SU uses the spectrum when it is free but if 

PU returns to the spectrum, SU has to leave the spectrum or 

change to another free channel. Therefore, the most important 

responsibility of SU is to sense the spectrum or detect the 

spectrum holes (holes are part of spectrum band assigned to 

the PU but they have not been used at a specific time and 

place). Spectrum Sensing is the ability of SU to sense the 

spectrum based on common detection methods like: energy 

detector, coinciding filter and etc. Cooperative spectrum 

sensing is suggested in order to increase the overlay 

performance which SUs share their sensed data [17]. In 

cooperative sensing, SUs may share incorrect sensed data and 

cause wrong decisions. SUs are facing some challenges in this 

technique which are: 

 Select parts of the spectrum that is accessible. 

 Select the best available channel.  

 Cooperate with other users to access to the 

channel. 

 Leaving the channel when PU appears. 

When SU is sending data and PU returns to the channel, SU 

must switch to another free channel. Regardless to the 

problems that occur by frequent stops for sending and 

receiving, successive switching takes time and reduces the 

efficiency of SU. 

In underlay access technique, PUs and SUs can use the 

spectrum simultaneously. If SU adjusts its transmission rate to 

prevent the interference with PU, therefore, the spectrum 

efficiency increases. Determining the transmission power with 

least interference level as well as using the channel capacity in 

order to be efficient for both PUs and SUs are most important 

challenging issues in this technique. 

Each of the overlay or underlay methods has their own 

weaknesses. Therefore, a new combination of 

overlay/underlay is suggested for taking a more efficiency 

from spectrum which will be considered in the next section. 
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4. PROPOSED MECHANISM 
As mentioned already, and according to the advantages of two 

above techniques, the combination of them namely hybrid 

mechanism is more useful than previous methods. The 

proposed mechanism that will be discussed in the following is 

taking advantage from hybrid method. 

We assume that there are two groups of users that located in a 

point. The number of PUs is equal to authorized channels but 

the number of SUs may be different. Users in the first group 

are connected to a communication center but in the second 

group they are not connected to any center and also they have 

no channel. Users in the first group declare their status by ON 

and OFF and notify the center. Figure 1, shows that members 

of the second group which need a free channel to transmit 

data but they do not have any spectrum. Also in our proposed 

mechanism, the connection occurs when the SU can detect the 

nearest inactive PU. 

 

Fig 1: Neighboring node detection by SU in proposed 

mechanism. 

The SU begins to propagate a message in environment in 

order to detect the nearest neighbor. This message is a small 

packet which sender transmits and waits for the response. 

Figure 1, shows the transmitted message. All PUs receive this 

message and each one must respond to it in any ON or OFF 

status. PUs send their status as a response message to the 

sender. SU receives the responses and selects the nearest 

inactive PU based on OFF status and distance calculation. 

In this paper we assume that PU can be a sender or a receiver 

and each PU determines its status with ON or OFF. PU is 

active when it is ON (sending and receiving) and OFF means 

it does not use its spectrum. In this paper, the inactivity 

probability of PU considered based on Poisson distribution 

which formulated as following [33]: 

𝑓 𝑥ˎ𝜆 =  
𝜆𝑎𝑐𝑡
𝑥

𝑥 !
𝑒−𝜆𝑎𝑐𝑡  (1) 

Where 𝑒 is natural logarithm base (2.71282), 𝑥 is OFF PUs 

and 𝜆𝑎𝑐𝑡  is a positive number equal to mathematical hope of 

PUs in OFF status. Since in the proposed mechanism, PU will 

be selected based on shortest distance and using the above 

formula proves that there are always be some inactive PUs. 

Therefore, it can be concluded that SUs always can access the 

channel through their neighbors (SU is always able to find the 

nearest inactive PU based on shortest distance and takes the 

spectrum of that PU). In proposed method, we assume that 

there is line of sight (LoS) between sender and receiver. 

Moreover, we use a method based on Time of Arrival (ToA) 

to calculate the distance between sender and receiver. We 

calculate the distance between sender and receiver based on 

packet propagation time (which obtained from sending and 

receiving of message) according to round trip time [12]. The 

relative distance 𝑅𝑡  calculate in meter by following equation: 

𝑅𝑡 =  𝑐 × 𝑡  (2) 

Above equation estimates the distance by using time which 

𝑐 = 3 × 108 is the speed of packet (in speed of light) and 𝑡 is 

to measure the sending time. 

We use operations such as calibration of sender and receiver 

and delays calculation between them to obtain the exact 

distance. The Internal Delays 𝐼𝑑  of sender and receiver must 

be calculated in order to calibrate them [12]. Thus, we define 

a simple calibration operation which is described as follows. 

Internal delays  𝐼𝑑  are processing delay𝑑𝑝𝑟𝑜𝑐 , queuing 

delay 𝑑𝑞𝑢𝑒𝑒 , transmission delay 𝑑𝑡𝑟𝑎𝑛𝑠  and propagation delay 

𝑑𝑝𝑟𝑜𝑝  and each one is obtained by different calculations in a 

way that processing and queuing delays are near zero due to 

the size and number of packet or even transmission delay has 

a constant value. On the other hand, 𝑑𝑝𝑟𝑜𝑝  must be calculated 

based on the result of formula (2) which is the  𝑅𝑡   and the 

speed of packet in wireless space 𝑐 = 3 × 108. Thus, our 

relation for propagation delay is 𝑅𝑡/𝑐. The answer of 𝐼𝑑  is the 

sum of all these mentioned delays which equation (3) refers to 

it.  

𝐼𝑑 =  𝑑𝑝𝑟𝑜𝑐 +  𝑑𝑞𝑢𝑒𝑒 + 𝑑𝑡𝑟𝑎𝑛𝑠 +  𝑑𝑝𝑟𝑜𝑝   (3) 

Finally, the exact distance between the transmitter and 

receiver obtained by using calibration that includes delays 

calculation. Equation (4) shows the distance calculation. 

𝐷 = 𝑐 ×    𝑅𝑡 −  𝐼𝑑  (4) 

Where 𝐷 is the distance between sender and receiver, 𝑐 is 

speed of light, 𝑅𝑡  is relative distance and 𝐼𝑑  is internal delays. 

Free Space Path Loss (FSPL) estimation is possible by having 

the distance. As we mentioned before, there is line of sight 

between sender and receiver and the distance is short. 

Therefore, FSPL is possible to be estimated. To estimate 

FSPL, we need some parameters like the distance between 

sender and receiver 𝐷, strength of each one as 𝑃𝑠 and 𝑃𝑟  and 

signal length  λ which is possible to use (4 × 𝜋 × 𝐷) as 

sender power and λ =  
𝐶

𝐹
 as receiver power and fetching the 

distance 𝐷 from the equation (4). Thus FSPL estimation is as 

follows: 

𝑃𝑠

𝑃𝑟
=  

(4 × 𝜋  × 𝐷)

𝜆
=  

(4 × 𝜋  × 𝐷) ×𝑓

𝑐
 (5) 

If we want to calculate FSPL based on decibel (db) then we 

need to use logarithmic equations which the equation (6) 

describes it: 

𝐹𝑆𝑃𝐿𝑑𝑏 = 20 log
(4 × 𝜋  × 𝐷)×𝑓

𝑐
  (6) 

By assuming line of sight and short distance in wireless 

network, the loss of signal in the path becomes less. As we 

mentioned and considered before, some PUs always are 

inactive. So the number of detected distances are based on the 

𝑛 neighboring nodes when their response packet arrives to the 

sender (all the responses do not arrive at the same time due to 

their distance differences and only the OFF PUs will be 

calculated). Once the distance between each sender and 
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receivers is calculated, sender must determine that which one 

is proper for communication based on shortest distance. 

SU is able to use the channel in hybrid which is changing to 

underlay mode when PU returns. Distance is very important in 

this mode. SUs can communicate with the users in first group 

when the environment is surrounded by inactive users. It is 

easy to exchange information in these circumstances. Thus, 

the hybrid mode will be efficient. Figure 2, shows that how 

SU is able to reach the spectrum in hybrid mode by owning 

the proposed mechanism.  

 

Fig 2: Hybrid communication between PU and SU in 

proposed mechanism. 

Although the efficiency and information exchanging trend for 

SU is increased but also the switching operation and frequent 

stops in overlay mode are decreased in proposed method. 

Using underlay technique permanently based on distance of 

users includes some advantages like improving the QoS of 

spectrum and increasing the performance of SU. The 

proposed method, also causes reducing costs and saving more 

energy. Improving the spectrum efficiency is a great step in 

improving the performance and application of cognitive radio 

in IoT. 

Problems in signal propagation are: path loss which has been 

solved, multipath propagation that has a direct relation with 

path loss, and distance. But in proposed method, multipath 

propagation decreases because of short distance between the 

sender and receiver so the path loss becomes less either. 

5. CONCLUSION 
The purpose of this paper was to present a new mechanism to 

overcome the inefficient spectrum. In this paper we proposed 

a mechanism to increase the spectrum efficiency along with 

preventing interference of SU with PU based on hybrid 

systems. The study shows that by determining the distance 

between the PUs and SUs, the efficiency rate of the underlay 

technique can be increased. The proposed mechanism 

indicates the application of ToA in order to estimate the 

relative distance between the sender and receiver. In addition, 

we suggest the estimation of the signal loss in the path for the 

sender and the receiver because knowing the signal loss is one 

of the important issues in signal propagation which this paper 

refers to it. More studies are required in this field. We claim 

that the proposed mechanism increases the efficiency and 

quality of service in spectrum sharing. For future work, we are 

studying to use quorum-based methods in cognitive radio 

networks which introduced in [8, 37, 38]. 

Another aspect that can be considered for future work is 

designing an accurate and a precise algorithm for detecting 

the spectrum hole in high frequency channel, since the 

conventional spectrum sensing algorithms have problems in 

this case. Finally, researchers should develop a cognitive radio 

technology in the field of 5G and should create optimal 

spectrum sensing/access mechanisms which meet future 

networks requirements to maximize the efficiency of 

spectrum utilization. 
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